Shelton et al. (1939, 1940) studied a large number of quaternary ammonium salts derived from aliphatic or heterocyclic amines and observed that optimum bactericidal activity is present in compounds possessing one cetyl-(Cl6Hu---) radical. The remaining three radicals (R) could be very simple; e.g., three methyl groups, as is the case in cetyl-trimethyl-ammonium bromide, or they could be arranged into a cyclic configuration, as is the case in cetyl-pyridinium chloride.
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The germicidal properties of cetyl-pyridinium chloride have been studied by Blubaugh et al. (1939 Blubaugh et al. ( , 1941 , Warren et al. (1942) , and by Huyck (1944) . Dunn (1936 Dunn ( , 1937 Dunn ( , 1938 studied the properties of a mixture of high molecular alkyldimethyl-benzyl-anumonium chlorides. From these and other studies it becomes evident that certain quaternary ammonium salts may be rated as the most potent bactericidal agents known at present. Their bactericidal action in vitro is far greater than that of the common antiseptics such as iodine, phenol, and mercurial compounds, and than that of most of the recently isolated antibiotics. They are active in high dilution against a large variety of microorganisms, gram-positive as well as gram-negative species, and fungi. They have proved their usefulness as antiseptics for preoperating skin sterilization.
The reports by Shelton et al. (1939 Shelton et al. ( , 1940 which show that maximum germicidal activity appears with the C16Hr--substituted members of a homologous series of quaternary ammonium compounds suggest a more detailed study of the properties of cetyl-trimethyl-ammonium bromide. This choice has been further influenced by the practical consideration that solutions of this compound are being used at present extensively for skin disinfection and instrument sterilization. Barnes (1942) has shown that solutions of this compound, when applied to the skin, greatly reduce the normal skin flora and completely sterilize surgical equipment. This investigator further states that clinical experience has shown it to be painless and harmless when applied to the skin and that it is a very effective preoperative skin disinfectant. The suitability of cetyl-trimethyl-ammonium bromide for surgical purposes has also been studied by Wiliams et al. (1943) who found that a 1 per cent solution provides an exceHent antiseptic medium for gloveless surgery as well as for treatment of infected wounds and burns. It has also been used for the treatment of impetigo by Forman (1943) and by Fischer (1944) .
RESUBLTS
Cetyl-trimethyl-ammonium bromide may be prepared by the interaction of cetyl bromide (CneH,aBr) bacterial population can be expressed as C(t = K. In this formula, C is the dilution, t the disinfection time, and n the dilution coefficient.
As may be seen, however, from figure 2, in dilutions greater than 1/70,000 the slope of the line changes markedly and the above formula cannot be used. This may be due to the fact that in higher dilutions we are not dealing with the bactericidal effect of the undissociated molecules, but with that of the ions. If this is the case, then the ionized molecule has a greater dilution coefficient than the nonionized molecule.
C18TAB gives a curve which is similar to that obtained for C1,TAB. Its bactericidal action is considerably slower than that of C1STAB and it is not active in so high a dilution. The curve obtained with C14TAB, on the other hand, lacks the pronounced bend of C16TAB and C1sTAB. The slope of this curve as well as those for C12TAB and CjoTAB might suggest that these compounds are largely ionized in the concentration used. C14TAB is a fasterworking disinfectant than cetyl-trimethyl-ammonium bromide, but it is not active in so high a dilution. As may be seen from table 3, practically no activity is observed with the compounds C7TAB and C8TAB. The largest zone of inhibition is obtained with C12TAB, notwithstanding the fact that this compound is considerably less germicidal than C14TAB, C1GTAB, and C18TAB. Undoubtedly this is due to the fact that C12TAB is able to diffuse more freely through agar than its higher homologues. This lack of correlation between the plate test and dilution tests was observed recently by Tobie and Ayres (1944) also. The use of the plate test for evaluation of certain germicides undoubtedly has serious drawbacks and should not be depended on unless other tests also show high germicidal activity.
Influence of pH on the activity of cetyl-trimethyl-ammonium bromide Figure 3 represents the results of a series of tests on the germicidal potency of cetyl-trimethyl-ammonium bromide at different pH's. S. aureus was used as the test organism, and the expenments were conducted at a temperature of 37 C. Phosphate buffer (1/15 M) was used in all tests to maintain a constant pH. As may be seen from figure 3, cetyl-trimethyl-amonium bromide is considerably more active at a high pH. At pH 8.0 C16TAB may be diluted considerably more than at pH 5 and still exhibit germicidal potency. Moreover, the time required to-obtain complete sterilization is shorter at higher pH for all concentrations used. Even at pH 5, however, C16TAB is still a highly potent germicide.
J.-C. HOOGERHEIDE Influence of temperature on the activity of cetyl-trimethyl-ammonium bromide Similar experiments were done at a temperature of 20 C. The results obtained were similar to those obtained at 37 C. As would be expected, the bactericidal activity at 20 C is reduced as compared with that at 37 C. Critical killing dilutions (at 20 C) after 10 minutes' exposure at pH 5.0, 6.7, and 8.0, with S. aureus as the test organism, are 1:18,000, 1:34,000, and 1:50,000, respectively. At a temperature of 37 C these values are, respectively, 1:52,000, 1:80,000, and 1:100,000. The phenol coefficient for C16TAB at 20 C at pH 0 I- 5.0, 6.7, and 8.0 were found to be 300, 500, and 830, respectively, as compared with 650, 1,000, and 1,250 at a temperature of 37 C.
Susceptibility of various bacteria species
Several species of microorganisms were cultivated for 5 successive transplants in Liebig broth and then subjected to a germicidal test at 37 C and pH 8.0. The results of these tests are given in figure 4.
As may be seen from figure 4, Escherichia coli, Staphylococcus aureus, and Salmonella paratyphi are about equally sensitive to the action of C1STAB. Eberthella typhosa is slightly more susceptible, whereas a strain of Staphylococcus albus was the most susceptible; a concentration of C16TAB of 1/300,000 sterilized a suspension of the latter organism in 30 minutes as compared with a 1/150,000 concentration for S. aureus. Spores of Bacillus subtilis were most GERMICIDAL PROPERTIES OF QUARTERNARY AMMONIUJM SALTS 285 resistant to the action of C18TAB. A spore suspension of this orgamsm was prepared by suspending the growth of a 3-day-old agar slant in Liebig bouillon. Before the experiment, this suspension was heated for 10 minutes at 80 C to destroy vegetative cells.
A concentration of 1/5,000 was required for complete sterilization of a B. subtilis spore suspension after a 1-hour exposure, and a 1/2,000 solution to obtain the same results in 2 minute. Vegetative cells of B. subtilis, however, seem to be very sensitive to the action of C16TAB in so far as its bacteriostatic effect is concemed. A dilution test with Liebig bouillon, inoculated with the same spore suspension as was used for the germicidal test, showed complete absence of growth in all tubes contaiiing C16TAB in a dilution of 1/700,000, or lower. This result is equal to or better than that obtained with S. aureus. It indicates that, although spores are not destroyed, small amounts of C16TAB will prevent them from germinating or will destroy them when gernination occurs.
Influence of serum (and milk) on germicidal potency As is the case with most germicidal agents C16TAB is inhibited in the presence of blood serum. Addition of C16TAB to dilute serum causes a definite precipitation. With excess of serum, however, no immediate precipitate is formed. presence of increasing amounts of normal horse serum. All tests were conducted at pH 8.0 and at 37 C with S. aureus as a test organism. As may be seen from figure 5, addition of as little as 2 per cent serum produces a marked reduction in the potency of C16TAB. In the presence of 2, 5, 10, and 20 per cent of serum, the phenol coefficient at 37 C decreases from 1,200 in the absence of serum to 380, 225, 150, and 62, respectively. Notwithstanding this serious inhibition, a 1:2,000 solution of C16TAB has still sufficient bactericidal potency left to sterilize a culture of S. aureus within 1 minute in the presence of 20 per cent serum. Milk also reduces the effectiveness of C16TAB considerably. In the presence of 50 per cent of milk the phenol coefficient for S. aureus at 37 C is reduced to 56.
The inhibitory effect of serum is less pronounced on the bacteriostatic potency of quatemary ammonium salts. Only 2 to 2.5 times as much of most of these compounds is required in the presence of 10 per cent serum to achieve the same inhibitory effect as under the same conditions without serum. Table 4 gives the result of a comparative study of several of the common antiseptics, including certain quaternary ammonium salts, mercurials, and phenolic compounds, tested both in the presence and absence of serum.
Liebig broth, inoculated with S. aureus, and containing increasing amounts of the germicides, was incubated for 48 hours and the greatest dilution preventing growth was recorded.
As may be seen from table 4, Na-ethyl-mercuri-thiosalicylate ("merthiolate") is by far the most effective inhibitory agent, both in the presence and absence of serum. A dilution of one in two or three million will prevent S. aureus from growing. This action is mainly bacteriostatic, however, since even a hundred times higher concentration failed to sterilize the inoculated culture medium after an exposure of 24 hours to this germicide. By transferring a loopful to Brewer's medium, containing sodium thioglycollate, a substance which neutralizes the action of mercurials, the presence of surviving organisms could be readily demonstrated. All other compounds tested, including the quaternary ammonium salts, were mainly bactericidal. A concentration of 2 to 5 times the critical bacteriostatic dilution was found to be bactericidal. The inhibitory effect of serum on the activity of quaternary salts is approximately the same for all compounds tested; about 30 to 50 per cent of the activity remains effective in the presence of 10 per cent serum. This inhibition is of the same order or less than that observed with other germicides such as "metaphene" and hexylresorcinol.
A remarkable potency was observed with iodine in the presence of serum, far exceeding that obtained in the absence of serum. This additional activity, probably due to the interaction of iodine on serum constituents, was found to be of bacteriostatic nature only. A study was made of the bactericidal and bacteriostatic properties of the homologous series of quaternary ammonium salts derived from tetramethyl ammonium bromide. It was found that bactericidal properties became evident when one methyl group was replaced by a nonyl group. Further increase in the chain length produced compounds of high germicidal potency with a definite maximum for cetyl-trimethyl-ammonium bromide. The effect of pH, temperature, and the inhibitory effect of serum on the bactericidal and bacteriostatic properties of this compound was studied in more detail. The bactericidal potency of this compound increases considerably with increasing pH. At pH 8.0 its phenol coefficient for Staphylococcus aureus at 37 C was found to be 1,200. When added to nutrient broth, 3 ,ug per ml will prevent growth of Staphylococcus aureus. Gram-positive and gram-negative species are equally affected. In the presence of serum a considerable part of the germicidal potency is lost. Comparison of its potency with that of a series of commonly used disinfectants shows that this compound is one of the outstanding bactericidal and bacteriostatic agents.
